7q11.23 region in the second and third patient. This preliminary report suggests that for sub-Saharan Africans clinical suspicion of WBS could be mostly based on behavioral phenotype and structural heart defects, and less on the classical facial dysmorphic signs.
diovascular and connective tissue anomalies in WBS [Ewart et al., 1993; Metcalfe et al., 2000] . The specific contribution of each of the remaining genes in the clinical picture of the disease is not yet conclusive. Nevertheless, CLIP2 (CYLN2), LIMK1, GTF2I , and GTF2IRD1 are strongly suspected as being the most important contributors in the cognitive and neurobehavioral phenotypes of the disease [Frangiskakis et al., 1996; Hirota et al., 2003; Morris et al., 2003; van Hagen et al., 2007; Schubert, 2009] . The typical deletion affects segments of 1.5 or 1.84 Mb, with variable frequencies of 95 and 5%, respectively [Schubert, 2009] . The clinical features observed in most patients include specific facial dysmorphism, a congenital heart defect with supravalvular aortic stenosis (SVAS) in about 75% of the cases, connective tissue disorders, mild to severe intellectual disability, endocrine anomalies, and a specific behavior characterized by overfriendliness, empathy and anxiety [Hobart et al., 2010; Morris, 2010a; Pober, 2010] . It has been found that co-morbidity of WBS and autistic disorder is frequent, resulting in a social communication impairment ranging from absence of verbal language to poor social relationships, in opposition to the classical behavioral phenotype of WBS [Tordjman et al., 2012] . Genetic testing for WBS is routinely performed using either fluorescence in situ hybridization (FISH) or deletion/duplication testing. The latter includes quan titative PCR, multiplex ligation-dependent probe amplification and comparative genomic hybridization on microarray (array-CGH). In this study, we report the clinical phenotype and genetic investigations of 3 patients of African descent with WBS and discuss the practical implication of the clinical suspicion of WBS in sub-Saharan Africans.
Clinical Reports

Patient 1
The child is a 19-month-old female, the third out of 3 children of non-consanguineous parents, with no relevant family history. She was born to a 32-year-old woman by spontaneous vaginal delivery at 38 weeks of an uncomplicated pregnancy (birth weight 2,900 g, 10th centile; head circumference 35 cm, 50th centile; height 49 cm, 25th centile). Following several episodes of respiratory distress from the age of 2 weeks, she was noted to have a congenital heart defect by echocardiography, especially SVAS, aortic isthmus stenosis and stenosis on different levels of the pulmonary artery branches. The serum calcium was in the normal range following multiple checks. In terms of developmental milestones, she smiled at 3 months, sat at 7 months, crawled at 9 months, walked without support at 16 months, and was able to pronounce 2 consecutive words from 18 months. On clinical examination, weight was 11 kg (50th centile), head circumference 49 cm (25-50th centile) and height 85 cm (75-90th centile). The patient displayed mild facial dysmorphism ( fig. 1 a) , and cardiac examination revealed a heart murmur. Owing to her young age, evidence for diagnosis of attention-deficit/hyperactivity disorder was not applicable (all clinical data reported in table 1 ). WBS was suspected and FISH was performed. Classical clinical features of WBS (auditory and ear, nose, and throat; dental; endocrine; gastrointestinal and weight-related; musculoskeletal; neurologic; and ophthalmologic) completely absent in the 3 patients of this study are not listed.
Patient 2
The patient is a 13-year-old female ( fig. 1 b) . She is her mother's last child out of 10 children, with 4 living and 5 deceased siblings. Four of the 5 siblings died a few hours after birth and the fifth sibling died at the age of 16 years in a context of seizures and intellectual disability. The cause of death was unknown in all the cases. There was a familial history of intellectual disability: a half-sister from the father's side and 3 paternal uncles. None of these patients were available for clinical assessment. The patient was born by normal vertex delivery at 41 weeks of gestation to a 41-year-old mother (birth weight 2,850 g, 10th centile; head circumference 34 cm, 25th centile; height 48 cm, 25th centile). Developmentally, she walked independently from 24 months and said her first sentence, although with some incomprehension, at 3 years of age. She had been noted to have learning difficulties, anxiety, overfriendliness, and enuresis. At clinical examination, her weight was 42 kg (25-50th centile), head circumference 53 cm (25-50th centile) and height 150 cm (10-25th centile). Her milestones were globally delayed, and she displayed mild facial dysmorphism with a normal calcium study. The clinical cardiac examination was unremarkable; no echocardiography was performed ( table 1 ). An unbalanced familial chromosomal translocation was suspected in first line and WBS in second line. Standard karyotype and array-CGH were performed.
Patient 3
The patient is a 14-year-old male and is the third out of 3 children of unrelated Cameroonian parents with no relevant family history. He was born spontaneously at 39 weeks of an uncomplicated pregnancy to a 33-year-old mother (birth weight 3,200 g, 50th centile; head circumference 35.5 cm, 50th centile; height 47 cm, 10th centile). Following a few years of education in an ordinary school, he was reported to have learning difficulties with an inability to read and write. His milestones were delayed, especially with regard to language. He spoke his first word at 17 months and first intelligible sentences at 3 years. He sat at 9 months and started to walk independently at 17 months. At clinical examination, he was highly interactive with good visual contact and remarkably friendly behavior. He weighed 42 kg (10-25th centile), head circumference was 54 cm (25th centile) and height 153 cm (10-25th centile). He displayed some minor facial dysmorphism in relation to the general population standard ( fig. 1 c) and had no heart murmurs; no echocardiography was performed. The calcium study was normal ( table 1 ). A microdeletion syndrome was considered in first line and WBS suspected secondarily. Array-CGH was performed.
Methods
FISH
FISH analysis was performed on metaphase chromosome spreads from peripheral blood lymphocytes of patient 1 at the Cytogenetic Laboratory of the Geneva University Hospitals, Switzerland, according to the protocol of the manufacturer (Cytocell ® , Cambridge, UK). The FISH clones WBSCR9, LIMK1 and CYLN2 (Cytocell) are located in the WBS critical region. In patient 1, the FISH analysis using these probes revealed a heterozygous deletion of the corresponding sequences, confirming the deletion of the 
GTG-Banding
Cytogenetic analysis, initially performed on GTG-banded metaphases from peripheral blood lymphocyte cultures of patient 2 with a resolution of 400-550 bands, showed a 46,XX karyotype.
Array-CGH DNA samples of patients 2 and 3 as well as their respective mothers were extracted from peripheral blood following the instructions of the commercial kit (Puregene blood kit, Qiagen ® , USA) at the Molecular Diagnostic Laboratory of Yaoundé Gynaeco-Obstetric and Pediatric Hospital, Cameroon. Array-CGH was performed at the Cytogenetic Laboratory of the Geneva University Hospitals, Switzerland, following the Agilent Oligonucleotide 180K Array-Based CGH for Genomic DNA Analysis Protocol with sex-matched DNA control from Promega (ref. G152A). Data were obtained by Agilent Feature Extraction software v10.5 and analyzed by CGH Analytics 3.5.14 software. In both patients, an identical minimum deletion spanning 1.4 Mb at band 7q11.23 between positions 72,726,578 bp and 74,139,331 bp confirmed the diagnosis of WBS ( fig. 2 b) . The minimum deleted segment was mapped by the first probe A_14_P117491 and the last one A_14_P200801. The maximum size of the deletion is ∼ 1.9 Mb according to the design of the 180K Agilent array, showing the first non-deleted probe A_16_P01729704 (chr7: 72,401,086-72,401,145) and the last one A_16_P17983225 (chr7: 74,338,985-74,339,044) .
For patients 2 and 3, the de novo status of the deletion was difficult to evaluate as no deletion was found by array-CGH testing in their mothers' DNA, and samples from fathers were not available. However, all 4 of the parents were apparently unaffected.
Discussion
Hundreds of WBS cases have been reported in the literature. However, few reports involving African-Americans and sub-Saharan Africans are available [Morris, 2010b] . This discrepancy may be explained by the limited facilities and access to health care, and most probably by the absence of medical genetics services in the majority of sub-Saharan African countries. The diagnosis of the present 3 cases is due to the recent establishment of a medical genetics service in Cameroon [Wonkam et al., 2011] . The present study discloses some difficulties in the clinical diagnosis of WBS, even when performed by experienced medical geneticists. Indeed, the classical dysmorphic features from the current international diagnostic criteria [Committee on Genetics, 2001 ], which do not take specific account of the phenotype of African populations, could also lead to under-diagnosis based on dysmorphic features alone that are relatively highly scored. According to the American Academy of Pediatrics (APP) [Committee on Genetics, 2001] , the clinical diagnosis of WBS is established on the basis of 7 groups of parameters, each corresponding to a specific score. These include growth disorders (1 point), behavior and development (1 point), facial features or dysmorphism (3 points), echocardiogram problems with SVAS or peripheral pulmonary artery stenosis (5 points) and other cardiovascular problems (1 point), connective tissue abnormality (2 points), and calcium studies (2 points). The clinical diagnosis of WBS is unlikely if the total score for a patient is <3. For a total score of ≥ 3, genetic investigations for WBS are recommended.
The facial phenotype can be extremely variable from one patient to another. This feature is critical in most clinical settings, as it represents the first clinical feature attested by the physician at patient arrival. Although some mild dysmorphic features observed could independently raise our attention to the diagnosis of WBS without the behavioral phenotype and heart defect ( fig. 1 ), all 3 patients described here display a facial appearance similar to many unaffected sub-Saharan African individuals. With a normal clinical cardiac examination in patient 2 and 3, one could suspect that they might not meet the diagnosis criteria of the APP; unfortunately, echocardiograms were not performed in both patients.
FISH analysis with a specific WBS probe was performed for patient 1, confirming the clinical diagnosis. For patient 2, at first a normal karyotype was obtained, ruling out an unbalanced familial chromosomal translocation; array-CGH analysis was performed secondarily, considering the behavioral phenotype associated with WBS. In patient 3, array-CGH analysis was performed first, screening for a microdeletion syndrome, since the WBS score evaluation was weak.
Could patient 1 possibly also have a 1.41-Mb deletion? This cannot be excluded. However, patients 2 and 3 were neither from the same subpopulation group, nor from the same geographical area. Patient 2 was originally from Chad, a neighboring country north of Cameroon, and patient 3 was originally from the Southern part of Cameroon. Since FISH was performed in patient 1 as a part of our routine work-up with the only purpose of diagnosis, our resources were limited to carry out extra experiments like microarray analysis. Nevertheless, with the possibility of a similar atypical deletion as reported in patients 2 and 3, we believe that future studies addressing the question of the deletion size in patient 1 would be of great value in understanding the genomic mechanism underlying WBS and its phenotypic correlation in this subpopulation group.
In conclusion, this preliminary study suggests that for the clinical diagnosis approach of WBS in patients of African descent, behavioral phenotype and structural heart defects should be scored more and dysmorphic features less. The present report raises the hypothesis that the AAP score might not be fully applicable in WBS patients of African descent, and complementary studies on a larger sample number are needed to address this question.
